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[57] ABSTRACT 

High sheet count rolls of spot-embossed, soft bathroom 
tissue suffer from embossing patterns becoming pressed out 
by the high winding tension necessary to confine the size of 
the roll to a diameter of about 5 inches. This size is necessary 
in order for such high sheet count rolls to fit within the 
bathroom tissue dispensers found in most households. 
However, by embossing the tissue between a resilient back- 
up roll and an engraved embossing roll having short male 
embossing element heights of only from about 0.005 to 
about 0.035 inch, the tissue sheet becomes simultaneously 
calendered, which lowers the sheet caliper (as measured 
under a compressive load). Because of the resulting lower 
caliper, the embossed sheet can be wound into the required 
roll size with less tension on the sheet, such that the 
embossing pattern for tissue sheets within the roll remains 
well defined. 

3 Claims, 4 Drawing Sheets 
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EMBOSSING WITH REDUCED ELEMENT tissue is soft and thick. It has been found that when 500 or 

HEIGHT more sheets of soft, thick tissue are embossed and wound 

into a roll 5 inches or less in diameter, the embossing pattern 

This application is a divisional of application Ser. No. washes out and all but disappears with time because of the 

08/411,046 entitled "EMBOSSING WITH REDUCED 5 high degree of winding tension necessary to attain the target 

ELEMENT HEIGHT* and filed in the U.S. Patent and roil diameter. 

Trademark Office on Mar. 27, 1995 now U.S. Pat. No. Therefore there is a need for a method of embossing soft, 

5,693,403. The entirety of this application is hereby incor- thick tissue sheets which provides a lasting embossing 

porated by reference. pattern in tissue sheets wound into high sheet count rolls. 

10 

BACKGROUND OF THE INVENTION SUMMARY OF THE INVENTION 

It is well known to utilize embossing to decorate and It has now been discovered that high sheet count (about 

thicken tissue products. An abundance of prior art exists 500 sheets or more) rolls of spot-embossed, premium bath 

which demonstrates these utilities, including U.S. Pat. No. tissue can be made with substantially improved embossing 

2,043351 to Foumess, U.S. Pat. No. 4,189344 to Busker, pattern definition by embossing the tissue between a rubber 

and U.S. PaL No. 5356364 to Veith. Using embossing to backing roll and an engraved steel roll with reduced (lower 

increase sheet caliper (thicken), has allowed bathroom tissue than normal) embossing element heights. While one might 

producers to reduce the number of sheets within the roll expect that reducing the embossing element height might 

while retaining the same package size (roll diameter). This 2Q lessen the crispness and longevity of the embossing pattern, 

has been a common practice in the bathroom tissue market the opposite has been found to be true. It is believed the 

over the past 20-25 years, particularly for household tissue reason for the improvement is that the method of this 

products sold at grocery stores. It has not been prevalent in invention essentially provides embossing and simultaneous 

the service and industrial market, where it is more desireable calendering of the tissue sheet. Instead of increasing the total 

to have high sheet counts so that the rolls last longer and ^ thickness of the tissue as is the case for conventional 

have to be replenished less frequently. Also, these products embossing, the method of this invention actually reduces the 

are typically not so lavishly decorated with embossing as are total sheet thickness (caliper) during embossing. The 

the household tissue products. reduced sheet caliper in turn permits the use of less winding 

One very popular form of decorative bathroom tissue tension necessary to obtain a roll size that fits conventional 
embossing has come to be known in the trade as "spot 30 bathroom tissue dispensers. The reduced winding tension 
embossing", referenced in U.S. Pat. No. 4,659,608 to and inner layer compression within the roll in turn reduce the 
Schultz. Spot embossing generally involves discrete tendency to pull out or iron out the embossing pattern in the 
embossing elements that are about X A inch by Vi inch to about tissue, resulting in a roll of tissue having improved emboss- 
1 inch by 1 inch in size (about 0.25 to about 1 square inch ing pattern definition. This method is particularly effective 
in surface area). These discrete spot embossiag elements are 35 for premium quality, low stiffness tissue sheets that inner- 
spaced about Vi inch to about 1 inch apart. They are typically ent ly do not hold ao embossing pattern weD under tension 
engraved in a steel roll about 0.060 inch in relief. In most because of their resiliency. 

cases spot embossing is carried out with a steel engraved roll Hence, in one aspect, the invention resides in a method of 
(male elements) and a rubber covered backing roll. The embossing a tissue sheet comprising passing the tissue sheet 
design of spot embossing patterns covers a wide range of 40 through an embossing nip formed between an engraved 
decorative shapes, some of which are the subject of design embossing roll and a smooth resilient backing roll, wherein 
patents. For example, Kimberly-Clark has a butterfly design the surface of the embossing roll contains a plurality of 
(U.S. Pat No. D305,182). Other spot designs used commer- discrete spot embossing elements spaced apart by smooth 
cially include American Can's flower (D260,193), Georgia- land areas, said spot embossing elements comprising pro- 
Pacific's angels (D332,874), Georgia- Pacific's swans 4S truding male embossing elements having a height of from 
(D332,875), and Potlatch's flower (D353,053). Spot about 0.005 to about 0.035 inch, wherein the tissue sheet is 
embossing is commonly used not only to decorate, but also simultaneously embossed and calendered such that the cali- 
to increase sheet caliper. per of the sheet is reduced about 15 percent or greater. 

In the past several years, some household bathroom tissue In another aspect, the invention resides in a roll of 

producers in the U.S. have begun to increase the sheet counts 50 spot-embossed tissue having an Average Wound Caliper 

within the roll in order to give consumers added value. (hereinafter defined) of about 0.0085 inch or less, a Residual 

Examples are CHARMIN® Big Squeeze (450 sheet count) Waviness (hereinafter defined) of about 6 micrometers or 

and NORTHERN® Big Roll (420 sheet count). In May, greater and a Roll Bulk (hereinafter defined) of about 6 cubic 

1992, Kimberly-Clark went even further and introduced a centimeters per gram or greater, wherein the tissue has a 

new product sold under the brand name of KLEENEX® 55 Stiffness Factor (hereinafter defined) of about 100 or less. 

Premium Bathroom Tissue— Double Roll. This product fea- Tissue sheets which particularly benefit from the method 

tures winding the length of (2) 280 sheet count rolls into a 0 f this invention are premium quality tissue sheets which 

single roll having 560 sheets. Winding two rolls into one have a relatively high degree of resiliency and low stillness, 

necessarily increases the roll diameter. such as throughdried tissue sheets. Such tissue sheets can be 

However, the roll diameter of bathroom tissue products 60 creped or uncreped. The basis weight of the tissue sheet can 
can not be too large or me rolls will not fit into the dispensers be from about 5 to about 70 grams per square meter, 
used in most households. Typically the roll diameter needs Although the method of this invention can be effective for 
to be no greater than 5 inches in order to meet this require- wet-pressed tissue sheets, the benefits are not as pronounced 
ment. As one would expect, it has been found to be difficult relative to conventional embossing because wet-pressed 
to emboss bathroom tissue for rolls having high sheet 65 sheets have a lower caliper and higher stiffness than through- 
counts, e.g. 500 sheets or more, with the roll diameter dried sheets and therefore have better embossing pattern 
constrained to 5 inches or less. This is especially true if the retention. 
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As used herein, "Average Wound Caliper" is determined The average surface waviness (sWa) for any portion of the 

by dividing the cross-sectional area of the wound roll tissue surface is defined as the equivalent of the universally 

(excluding the area of the core) by the total length of the recognized common parameter describing average surface 

tissue within the roll. This will be described in more detail roughness of a single traverse, Ra, applied to a surface after 

in connection with FIG. 8. The Average Wound Caliper for 5 application of a waviness cut-off filter. It is the arithmetic 

the products of this invention can be about 0.0085 inch or m can of departures of the surface from the mean datum 

less, more specifically about 0.006 inch or less, and suitably planc calculated using all measured points. The mean datum 

from about 0.003 inch to about 0.0085 inch. plane fa mat plane which bisects the data ^ mat me pfofile 

"Roll Bulk" is determined by dividing the roll volume by area above and bdow it ^ ^^1 
the roll weiaht. Roll volume is determined by the following in . . «• 1 t_ * 
formula: [;o<(roll radius) 2 xroll wid^H"*™ radius) 2 * 10 waviness filter of 0.25 millimeter cut-off length is a 
roll width]. Roll volume is expressed in units of cubic computer method of separatmg (mtenng)stnjcmral featur^ 
centimeters. Roll weight is determined by weighing the roll s P aced above wavelength from those less than this 
and subtracting the weight of the core. RoU weight is wavelength, and is defined in surface metrology as a "low- 
expressed in units of grams. Roll Bulk is expressed in units P^" fil ter - Th e sp ot embossment elements consist of widths 
of cubic centimeters per gram. The Roll Bulk for the 15 approximating 1 millimeter in width on the tissue, 
products of this invention can be about 6 cubic centimeters This waviness filter passes 100 percent of structures at 
per gram or greater, more specifically about 7 cubic centi- this wavelength more or less corresponding to embossment 
meters per gram or greater, and suitably from about 7 to features apparent to the unaided eye, while suppressing 100 
about 10 cubic centimeters per gram. percent of features whose wavelength equals or is less than 

The "Stiffness Factor" for the tissue sheet within the roll 20 2 $ micrometers, that being typical width dimensions of 

is calculated by multiplying the MD Max Slope (hereinafter individual softwood pulp fibers comprising the tissue, 

defined) by the square root of the quotient of the caliper A r ■ / «j \ j . r 1 

• 0 j c j\ j- -j j i_ .u u c 1* Average surface waviness (sWa) data necessary for cal- 

(hereinafter defined) divided by the number of plies. The . & - n „, Ll • j • r> i» 1 _r t 

MD Max Slope is the maximum slope of the machine ' ula * 0D of RW ^ ^ ^7*1^ 
direction load/elongation curve for the tissue. The units for 25 J"^™'?* Styte Pioffltamcte r (Rank Taylor Hobson 
MD Max Slope are kilograms per 3 inches (7.62 Ud > po - Box 36 > Ncw Star Rd > Leicester LE4 7JQ, 
centimeters). The units for the Stiffness Factor are England). The stylus used is Part #112/1836, diamond tip of 
(kilograms per 3 incbes)-microns°- 5 . The Stiffness Factor nominal 2-micrometer radius. The stylus tip is drawn across 
for tissue sheets embossed in accordance with this invention me sample surface at a speed of 0.5 millimeters/sec. The 
can be about 100 or less, preferably about 75 or less, and 30 vertical (Z) range is 6 millimeters, with vertical resolution of 
suitably from about 50 to about 100. 10 -° nanometers over this range. Prior to data collection, the 
As used herein, "caliper* 1 is the thickness of a single sheet, st y lus 15 calibrated against a highly polished tungsten ear- 
but measured as the thickness of a stack of ten sheets and bide steel bal1 standard of known radius (22.0008 mm) and 
dividing the ten sheet thickness by ten, where each sheet finish (P art #H2A 844 [Rank Taylor Hobson, Ltd.]). During 
within the stack is placed with the same side up. In order to 35 measurement, the vertical position of the stylus tip is 
calculate the Stiffness Factor, caliper is expressed in detcctcd b X a HehumVNeon laser interferometer pick-up, 
microns. For other purposes, caliper can be expressed in Part #U2/2033. Data is collected and processed using Form 
inches. It is measured in accordance with TAPPI test meth- Talysurf Ver. 5.02 software running on an IBM PC compat- 
ods T402 "Standard Conditioning and Testing Atmosphere computer. 

For Paper, Board, Pulp Handsheets and Related Products" 40 To determine the RW for a particular tissue sample, a 
and T411 om-89 "Thickness (caliper) of Paper, Paperboard portion of the tissue is removed with a single-edge razor or 
and Combined Board" with Note 3 for stacked sheets. The scissors (to avoid stretching the tissue) which includes the 
micrometer used for carrying out T411 om-89 is a Bulk spot embossment and adjacent land area. The tissue is 
Micrometer (TMI Model 49-72-00, Amityville, N.Y.) hav- attached to the surface of a 2"x3" glass slide using doubl- 
ing an anvil pressure of 220 grams/square inch (3.39 45 side tape and lightly pressed into uniform contact with the 
kilopascals). After the caliper is measured, the same ten tape using another slide. 

sheets in the stack are used to determine the average basis The slide is placed on the electrically-operated, program- 
weight of the sheets. mable Y-axis stage of the Profilometer. For purposes of 
The "Residual Waviness", which is used to quantify the measuring the butterfly embossment, for example, the Pro- 
crispness or quality of the embossments in the tissue, is 50 filometer is programmed to collect a "3D" topographic map, 
defined as the difference between average surface waviness produced by automatically datalogging 256 sequential scans 
(hereinafter defined) of the tissue surface occupied by the in the stylus traverse direction (X-axis), each 20 millimeters 
spot embossment and the average surface waviness of the in length. The Y-axis stage is programmed to move in 
immediately adjacent unembossed surface (land area). This 78-micrometer increments after each traverse is completed 
difference is termed Residual Waviness (RW), which is a 55 and before the next traverse occurs, providing a total Y-axis 
measure of the embossment quality attributable to the inven- measurement dimension of 20 millimeters and a total 
tion. Units of RW are in micrometers. RW values for mapped area measuring 20x20 millimeters. With this 
products of this invention fall within the range of about 6 arrangement, data points each spaced 78 micrometers apart 
micrometers or greater, more specifically about 8 microme- in both axes are collected, giving the maximum total 65,536 
ters or greater, still more specifically about 10 micrometers 60 data points per map available with this system. The process 
or greater, and still even more specifically from about 6 to is repeated for the adjacent land area. Because the equipment 
about 10 micrometers or greater. For roll products, RW is can only scan areas which are rectangular or square, for 
measured on tissue sheets positioned within the roll 0.5 inch purposes of measuring RW, the area of the tissue occupied 
from the outside of the core of the roll. To the extent that by the spot embossment is the area defined by the smallest 
winding tension adversely impacts the quality of the 65 rectangle or square which completely encompasses the spot 
embossments, it is apparent from sheets located at this embossment being measured. In measuring the butterfly spot 
position within the rolL embossment as described above, a 20x20 millimeter square 



05/01/2003, EAST Version: 1.03.0002 



5,900,114 

5 6 

field was appropriate, bullbe size and shape of the field will presence of these unembossed land areas is necessary to 

be different for different spot embossments. obtain the desired overall reduction in sheet caliper. 

The resultant "3D" topological map, being configured as The ^ 0 f th e oatD ro |i<; 0 f t his invention is from 

a ".MAP" computer file consisting of X-, Y- and Z-ajris about 45 to aDout 5 5 inches in diameter. The overall roll 

spatial data (elevation map), is reconstructed for analysis 5 length can be from about 57 to about 91 meters. The number 

using Talymap 3D Ver. 2.0 software Part #112/2403 (Rank of ^dividual perforated sheets within the roll can be from 

Taylor Hobson, Ltd.) running on an Apple Quadra 650 abou , 5fJ0 , 0 ^ ^ sucfa f()rated , icall 

computer platform. Tie average surface wavmess (sWa bd abom ^ to , n ^ ^ roUs of 

parameter is derived using the follow, ng procedures: a) mis mvention ^ ^ characteri2ed by lhe Firmness 

leveling the map plane using a least squares fit function to 10 Index which ^ dcscribed io u s PaL No . 5,356354 issued 

remove sample ti t due to error in horizontal portioning of 0c , lg> 1994 tQ ^ 6 , d a^rf For H^^g 

the tissue; b) application of a waviness filter of 0.25 milh- which fa hereb mcorporated by K i WDCC . Because 

meters cut-off length to the surface data, and resultant of ^ maMcr m which , hc Firmness , nd6X fa measured> 

reconstruction of the surface map; and c) requesting the sWa hi hef Qumbers mean , ower ro „ firmness SpecificiUy the 

parameter from this filtered surface. The measurement of 1S Fitmn<tss Index values for artain tissue roUs of this j^,,. 

sWa is repeated three times, each measurement from differ- tion can ^ from ^ Q n5 ^ to abou , Q 15() mch m0K 

em areas, to obtain separate mean sWa vaJues for the specincaIlv ^ a5out 0 120 inch t0 ^ 0 135 ^ 
embossment and the surrounding land area. The difference 

between the mean sWa values for the embossment area and BRIEF DESCRIPTION OF THE DRAWING 

the land area is the RW for the embossment. The average 2 o ™^ 

RW for the roll of tissue is determined by averaging the FIG * 1 15 a somatic illustration of a process for emboss- 

embossment RW values for at least three randomly selected in S 1 15511 e sheets m accordance with this invention, 

spot embossments. Similarly, the mean sWa values for the FIG- 2 is a plan view of a portion of an engraved 

land areas surrounding the selected embossments can be embossing roll in accordance with this invention, illustrating 

averaged for the same three or more samples to obtain an 2 s an cxam pl e of widely spaced-apart discrete embossing ele- 

average land area sWa for the sample. Because of the ments. 

calendering effect of the embossing method of this FIG. 3 is a schematic sectional view of an embossing 

invention, the land area sWa values of the products of this element, illustrating its dimensions. 

invention can be about 20 percent lower (smoother) than pj G> 4 ^ a schematic sectional view of a tissue web being 

with conventional embossing methods. In absolute terms, 30 embossed between an engraved steel roll and a resilient 

the mean sWa for the land area of the embossed tissues of backing roll in a conventional manner 

this invention can be from about 15 to 21 more specifically mQ 5 fa a schematic sccti£ml view of a ^ web bei 

from about 17 ^to about 20, and more specifically from about embossed and calcndcred m accordance ^ ^ inventioD) 

0 ou , * , , . . . , , , illustrating the simultaneous calendering of the web. 

As mentioned above, the height of the male embossing 35 ™- * . » » . . - , , 

elements is lower than one would use for spot embossing. . . is a schematic «presentauon of an unembossed 

Embossing element heights can be from about 0.005 to ue sh ^« <$> *? which has been convenuon- 

about 0.035 inch, more specifically from about 0.010 to ""boaed (B), and the same sheet which has been 

about 0.030 inch, and still more specifically about 0.025 in accordance with this ; invention (C), illustrating 

^ ^ the changes m the thickness of the sheet.. 

TTie spaced-apart discrete spot embossing elements or ™ u F , 1G - 7 » a tabl u e ^^cally illustrating the changes in 

embossments can depict butterflies, animals, leaves, flowers, thickness one might expect from conventional embossing as 

and the like. These embossing elements or embossments, compared to embossing in accordance with this invention, 

taken as a whole, are sometimes herein referred to as "spot FIG - 8 is an axial view of a bath tissue roll, shown for 

embossing elements" or "spot embossments". They are 45 purposes of illustrating the calculation of the Average 

generally about 0.5 inch or greater in size (about 0.25 to Wound Caliper. 

about 1 square inch in area) and are spaced apart about 0.5 DETAILED DESCRIPTION OF THE DRAWING 
to about 1 inch on the tissue sheet. These spot embossing 

elements and spot embossments generally consist of several FIG. 1 is a schematic flow diagram illustrating a method 

individual line segments which are referred to as embossing 50 for embossing tissue sheets in accordance with this inven- 

elements or embossments. For example, the butterflies tion. Shown is a wound roll of tissue 1, as would typically 

depicted in FIG. 2 are spot embossments, each of which be produced by a tissue manufacturing machine, being 

consists of seven line embossments which form the wings, unwound and feeding the tissue sheet 2 into the embossing 

body and antennae. These spaced-aparl, discrete spot nip formed between an engraved steel embossing roll 3 and 

embossments in the tissue sheet are to be distinguished from 55 a rubber-covered backing roll 4. The resulting embossed 

"continuous" embossing patterns, such as parallel or inter- tissue sheet 5 is wound onto bathroom tissue roll cores to 

secting line patterns, and embossing patterns having very form logs at log winder 6. Subsequently the logs are cut into 

small, closely-spaced elements, such as a multiplicity of dots appropriate widths and the resulting individual bathroom 

and the like. A way of determining if a particular embossing tissue rolls are packaged. 

pattern contains widely spaced-apart distinct spot emboss- 60 FIG. 2 is a plan view of a portion of the surface of an 
ments as defined above is to draw the smallest possible circle engraved embossing roll, illustrating an example of spaced- 
around each embossment in the embossing pattern and apart discrete spot embossing elements useful for purposes 
measure the spacing between embossments and the area of this invention. Shown are a plurality of male spot emboss- 
within the circle. As will be described hereinafter, the ing elements 21 (butterflies) separated by a smooth land area 
portions of the tissue sheet between spot embossments (the 65 22. For purposes herein, the unengraved portions of the 
land areas) become calendered during embossing in accor- embossing roll circumscribed by the spot embossing 
dance with this invention as a result of the nip loading. The element, such as areas 24 and 25, are not considered to be 
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part of the land area 22. The plurality of embossing element EXAMPLES 
lines, such as line 23, are embossing element segments 

which are raised above the surface of the land area 22. The Example 1 
sum total of several embossing element segments constitute 

the spot embossing element (in this case, a butterfly). As s Conventional Embossing 
mentioned above, it is important that the spot embossing 

elements be spaced-apart to leave a substantial land area to Athroughdried tissue sheet having a basis weight of about 

permu the tissue sheet to be simultaneously calendered. 16 ? ^ ^ fee , was manufactured and 

w t,SSUe WCreaSe W0Und 10,0 3 raU - 71,6 sheel was embossed, rewound and 

em ^^ Sl f? sle P" t . io converted into bathroom tissue rolls having a diameter of 

FIG. 3 is a schematic sectional view of a male : embossing 5 05 ^ mustraled m ^ L ^ em5ossin rolls 

element segment, lUustrating its dimensions. Shown is the COQsisted of aQ ed ^ ma[e embossin roll g avi 

embr^groll3wimarBaIee^ ^ buUerfl embossing pattern illustrated in FIG. 2 

which protrudes from the surface of the embossing roll a ^ hei ht of thc embossing %k men fc was a04 0 inch. T^e 

stance ;H (height) of from about 0.005 to about 0.35 inch. w smoom baddn roU wa& a mbbcr ^ 

T*e width of the > embossing .element al tits tip can be from ^ a SbofC A hardncss of ^ Duromclcr ^ rcwinder 

about 0.005 inch to abou 0 50 inch. The sidewall angle, ^ ciion cffici was ativcl ^ lcd under these 

theta, ^ measured relaUye to the plane tangent to the surface conditions resulti m « blow _ outs » and frequent 

°L S L 1 £ ' S e!emeDt ' ^ bC fr ° m rethreading as a consequence of high web tensions necessary 

about VU to about 13U . 2Q to obtam a 5 roll ^meter with a sheet count of 560. 

FIG. 4 is a schematic sectional view of a conventional 

steel/rubber embossing nip. Shown is the engraved emboss- ^ resulting rolls of bath tissue had the following 

ing roll 3, the rubber-covered backing roll 4, the incoming properties: an Average Wound Caliper of 0.0074 inch; a Roll 

tissue sheet 2 and the outgoing tissue sheel 5. As further BuUc of 7 03 centimeters per gram; a Stiflmess Factor 

illustrated in FIG. 6, the caliper or thickness of the tissue 25 of 98 1 (kilograms per 3 inches)-microns° ; a Firmness 

sheet is increased as the result of the embossing. Index of 0 105 inch i ™ 6 a Residual Waviness of 5.23 

FIG. 5 is a schematic sectional view of a tissue being micrometers, 
embossed and calendered in an embossing nip in accordance 

with this invention. Shown is the engraved embossing roll 3, Example 2 
the rubber-covered backing roll 4, the incoming tissue sheet 30 

2 and the outgoing tissue sheet 5. As further illustrated in This Invention 
FIG. 6, the caliper of the tissue sheet is substantially reduced 

even though the sheet has been embossed with a decorative Th e same tissue basesheet was processed as described in 

spot embossing pattern. It will be appreciated that this Example 1, except the height of the male embossing ele- 

schematic illustration oversimplifies the dynamics of the 3S ments was reduced from 0.040 inch to 0.025 inch. Rewinder 

embossing nip since the spot embossing elements consist of production efficiency was noticeably improved, as was the 

several embossing element segments and their cross- visual quality of the embossing pattern in the final product 

sectional shapes and frequencies will differ depending on the form. 

angle at which the cross-section is viewed. The primary -j^ resulting rolls of bath tissue had the following 

purpose of FIG. 5 is simply to illustrate the overall com- 40 properties: an Average Wound Caliper of 0.0074 inch; a Roll 

pression of the web (calendering) in areas besides those 3^ c f 7.03 cubic centimeters per gram; a Stiffness Factor 

areas where the embossing elements are present. 0 f og.i (kilograms per 3 inches)-microns 0 - 5 ; a Firmness 

FIG. 7 is a table illustrating hypothetical, but realistic, Index of 0.125 inch; and a Residual Waviness of 8.46 

numerical values for tissue thicknesses in the unembossed micrometers, 
state (A), conventionally embossed (B), and embossed in 45 

accordance with this invention (Q. <%» is the height of the f 11 ^ be a PPf 2» ted * al tbe Agoing examples, given 

embossment in the tissue after embossing. "T," is the P^Pfes of lustration, are not to be construed as 

thickness of the tissue web in tbe unembossed or land areas btmtlD S , » mventl 1 0D ' wbicb * defined b * the 

of the tissue. T is the total thickness of the web. As lowing claims and all equivalents thereto, 

illustrated in the table of FIG. 7, an unembossed tissue 50 We claim: 

having a thickness of 0.01 00 inch will have a total thickness A method of embossing a tissue sheet comprising 

of about 0.0115 inch when conventionally embossed with passing the tissue sheet through an embossing nip formed 

embossing elements having a height of about 0.040 inch. between an engraved embossing roll and a smooth resilient 

However, the same web embossed in accordance with this backing roll, wherein the surface of the embossing roll 

invention will have a total thickness of only about 0.0085 55 contains a plurality of discrete spot embossing elements 

inch when embossed with embossing elements having a spaced apart by smooth land areas, said spot embossing 

height of about 0.025 inch. elements comprising protruding male embossing elements 

FIG. 8 is an axial or end view of a bath tissue roll, havm g a hei S hl of from about 0 005 t0 about 0035 incn > 

illustrating the dimensions necessary to calculate Average wherein the tissue sheet is simultaneously embossed and 

Wound Caliper. Shown is the roll of bath tissue 30, the roll 60 compressed such that the caliper of the sheet is reduced 

core 31, the outside diameter of the core D, and the diameter about 15 Percent or greater. 

of the roll D 2 . The cross-sectional area of the roll attributable 2 - ^ method of clai m 1 wherein the height of the male 

to the wound tissue is the area of the roll minus the area of embossing elements is from about 0.010 to about 0.030 inch, 

the core and is calculated as 0.25 (it) (D^-Dj 2 ). The 3. The method of claim 1 wherein the height of the male 

calculated area, divided by the length of the tissue sheet 65 embossing elements is about 0.025 inch, 
wound onto the roll, is the Average Wjund Caliper of the 

roll. * * * * * 
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